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Abstract Male adults of the two subspecies, Byasa alcinous alcinous and B. a. loochooana, exhibit strong musk- 
like odors which are slightly different from each other in the odor profile perceivable by the human nose. Using wild- 
caught males, the chemical compositions of these odors were investigated by means of gas chromatography—mass 
spectrometry. Among 11 compounds identified from the male odors, seven sesquiterpenes were approximately 3 to 
10 times more abundant in B. a. alcinous than in B. a. loochooana, while 6-methy]-5-hepten-2-one and linalool were 
detected only from B. a. loochooana. These qualitative and quantitative differences in particular components are 


considered to be responsible for the slight difference in male odors between the two subspecies. 
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Introduction 


It is now well known that a number of male adult 
butterflies emit characteristic odors. Since the first report 
on the odor of a pierid butterfly (Müller, 1878), a wide 
variety of volatile compounds have been identified so far 
in the male odors (Boppré, 1984). Male adults of some 
species use their specific volatile compounds as short- 
range olfactory cues for mating (e.g., Honda et al., 2006; 
Andersson et al., 2007; Nieberding et al., 2008). Genus 
Byasa is one of the famous groups in which male adults 
possess characteristic odors. In a foregoing paper, it was 
shown that wild-caught males of Byasa (Atrophaneura) 
alcinous alcinous emit a strong odor consisting of 
phenylacetaldehyde, linalool, 6-methyl-5-hepten-2-one, 
and benzldehyde and that phenylacetaldehyde, the 
predominant component of male odor, localizes at the 
inner margins of the hind wings (Honda, 1980). 


Up to the present, five subspecies of Byasa alcinous have 
been described in Japan. There are Byasa alcinous 
alcinous (Klug, 1836), B. a. yakushimana (Esaki and 
Umeno, 1929), B. a. loochooana, (Rothschild, 1896), B. 
a. miyakoensis (Omoto, 1960), and B. a. bradanus 
(Fruhstorfer, 1908). Subspecies alcinous inhabits mainly 
Honshu, Shikoku and Kyushu islands, yakushimana 
inhabits Yakushima and Tanegashima islands, 
loochooana inhabits Okinawa to Amami islands, 
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miyakoensis inhabits Miyako island and bradanus 
inhabits Sakishima islands, although the morphological 
difference between subspecies alcinous and yakushimana 
is not significant in the vicinity of the southern part of 
Kyushu island. During the course of investigation of 
chemical components of odors of Byasa butterflies, we 
have realized that male adults of the subspecies alcinous 
and loochooana smell somewhat differently to each 
other. The human nose is in general rather sensitive to 
the slight change of smells. It must be, therefore, of 
interest to investigate the chemical composition and 
relative amounts of the chemical components of the 
odors of the two subspecies of Byasa alcinous. In the 
present study, wild-caught males of B. a. alcinous and B. 
a. loochooana were subjected to solvent extraction and 
the volatile components of the extracts were examined by 
gas chromatography—mass spectrometry (GC-MS). 


Materials and methods 


Male adults of Byasa alcinous loochooana (N = 4) were 
captured at Okinawa Island in April 2014 and those of B. 
a. alcinous (N = 3) were captured or obtained from wild- 
captured cocoons or larvae at Hiroshima University in 
Higashi-Hiroshima city in July and September 2014 (The 
2-nd generation for B. a. loochooana, and 2-nd and 3-rd 
generations for B. a. alcinous). Although the ages of 
collected butterflies could not be determined precisely, 
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both of B. a. loochooana and B. a. alcinous seemed to be 
relatively fresh. Judging from the degree of freshness, 
we estimated that the male adults of B. a. loochooana, 
were aged 2 to 4 days after eclosion. For this reason, we 
used laboratory-reared male adults 2 to 4 days after 
eclosion for subspecies B. a. alcinous. Butterflies were 
individually frozen to death at -20 °C and the whole 
bodies of adults were soaked in 3 mL of purified 
dichloromethane for 3 min. The extracts were 
subsequently filtered, and concentrated to less than 1 mL 
in vacuo and then to 100 uL under a nitrogen stream at 
10 °C. The concentrated extracts were immediately 
subjected to GC-MS analyses using a Shimadzu QP5000 
mass spectrometer coupled with a Shimadzu GC-17A 
gas chromatograph. GC-MS analyses were performed 
with a J&W Scientific DB-1 fused-silica capillary 
column (0.25 mmID x 15 m, 0.25 um film thickness), 
using an injector at 250 °C, oven temperature program of 
40 °C (2 min isothermal), and raising rate of 10 °C/min to 
230 °C. All samples were splitlessly injected using 
helium as the carrier gas. Compounds were identified by 
comparing the retention times and mass spectra with 
those of authentic standards (Tokyo Chemical Industry, 
Japan) and sesquiterpene hydrocarbons present in the 
essential oils of ylang-ylang Cananga odorata and Atlas 


B. a. loochooana "ig 


B. a. alcinous 


Total ion intensity (%) 





cedar Cedrus atlantica (Pranarôm International, 
Belgium). Quantitative estimates of individual 
compounds were carried out through comparison of the 
peak intensity with that of authentic standard of linalool 
obtained from Tokyo Chemical Industry. 


Results and discussion 


Total ion chromatograms obtained from the extracts of B. 
a. loochooana and B. a. alcinous male adults are shown 
in Fig. 1. The major component contained in the odor 
extracts was identical for both subspecies (peak 11). The 
major component showed a weak peak corresponding to 
a molecular ion observed at m/z 262 and that 
corresponding to a conspicuous fragment ion at m/z 202 
in the EI mass spectrum. The difference of 60 mass units 
determined from the location of the two peaks, in 
addition to the presence of a diagnostic ion at m/z 60, 
corresponded to the fragment ion of C2H.O, indicating 
the presence of an acetyl group. This observation 
suggests that the predominant odor substance of the two 
subspecies of B. alcinous is an acetylated sesquiterpene 
with the molecular formula of Ci7H2O2. The average 
amount of Ci7H2sO2 per one male was estimated to be 
771 ng for B. a. loochooana and 3743 ng for B. a. 
alcinous. The compound corresponding to peak 10 
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Fig. 1. Total ion chromatograms of dichloromethane extract of Byasa alcinous loochooana and B. a. alcinous wild 
males. The part of chromatogram of B. a loochooana (upper trace) embedded as a dotted-line square part is 
enlarged by 10 times. Eleven compounds were identified as 6-methyl-5-hepten-2-one (1), nonanal (2), linalool 
(3), decanal (4), a -copaene (5), a -himachalene (6), y -himachalene (7), f -himachalene (8), ô -cadinene (9), 
sesquiterpene alcohol CisH24O (10), and acetylated sesquiterpene Ci7H2sO> (11). 
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Table 1. Chemical composition of scent substances in the extract of Byasa alcinous loochooana and B. a. alcinous wild male. 








: Amount / Individual [ng, mean + SD] Identification? 
Noe. Compounds a B. a. loochooana (N = 4) B. a. alcinous (N = 3) 
1 6-Methyl-5-hepten-2-one 4.6 66 + 61 N.D.b Std 
2 Nonanal 6.6 125 + 180 65 + 18 Std 
3 Linalool 6.6 134+ 72 N.D. Std 
4 Decanal 8.2 10+6 9+2 Std 
5 a -Copaene 10.7 3+7 33 +57 Std 
6 a. -Himachalene 11.7 57 54 +92 Std 
T y -Himachalene 12.0 22+11 95 + 40 Std 
8 B -Himachalene 12.3 23 + 10 60 + 104 Std 
9 6 -Cadinene 12.4 4+8 47 + 82 Std 
10 sesquiterpene alcohol C;5H2,O 14.4 132 + 101 411 +124 
11 acetylated sesquiterpene C,7H2sO, 15.7 771 + 709 3743 + 3686 


a Std, identification based on authentic standards. 
b Not detected. 


showed a mass fragmentation similar to that of Ci7H26O2 
whose molecular ion was detected at m/z 220. It follows 
from these observations that this compound is a 
sesquiterpene alcohol with the molecular formula of 
CisH2O, the deacetylated alcohol of Cı7H2602. 
Moreover, chemical components corresponding to peaks 
1, 2, 3, 4, 5, 6, 7, 8, and 9 were identified to be 6-methy]- 
5-hepten-2-one, nonanal, linalool, decanal, a -copaene, 
a—, y—,and f -himachalenes, and 6 -cadinene, respectively 
(Table 1). Although the seven sesquiterpene compounds 
including Cı7H2602 and CisH2sO were common for the 
extracts of the 2 subspecies, the amount of each 
compound contained in the extract of B. a. alcinous is 
approximately 3 to 10 times larger than in B. a. 
loochooana in unit of ug per one male. Intra-subspecific 
difference in each component was also large. Further, 
both subspecies shared two aliphatic aldehydes, nonanal 
and decanal, which were first identified in the male 
scents of B. alcinous, These results suggest that the 
fluctuation in the amounts of aliphatic aldehydes and 
sesquiterpene components is relatively small for the male 
odors of the two subspecies of B. alcinous. On the other 
hand, 6-methyl-5-hepten-2-one and linalool were 
detected only in the male extracts of B. a. loochooana. 
In the male odor of B. a. alcinous, the presence of these 
terpenoid derivatives may be variable depending on the 
difference in their food plants. The Aristolochia plants 
are known to show considerable species-specificity in the 
chemical composition of volatile compounds (Francisco 
et al., 2008). Larvae of B. a. loochooana mostly feed on 
Aristolochia liukiuensis (Aristolochiaceae) at Okinawa 
Island, while those of B..a. alcinous use Aristolochia 
debilis or Aristolochia kaempferi in Honshu. Although 
the presence of 6-methyl-5-hepten-2-one and linalool in 


the male scent of B. a. alcinous has been described 
previously (Honda, 1980), these compounds were not 
detected in the extracts of the same species. The reason 
for this discrepancy is unclear, but it may be due to the 
differential host-plant usage of wild-caught males. 
Interestingly, phenylacetaldehyde and benzaldehyde, 
previously reported as the predominant and minor 
volatiles of B. a. alcinous (Honda, 1980), were not 
detected in the present study. Since these compounds 
were not detected in the odor of laboratory-reared B. a. 
alcinous males that were fed on the fresh leaves of A. 
debris and A. liukiuensis within 10 days after eclosion 
(Omura et al., 2015), it is most likely that the aromatic 
aldehydes reported in the previous study are exogenous 
substances (e.g., originated from their nectaring flowers) 
or are biosynthesized by males from 10 days after 
eclosion. It is recognized from Table 1 that there are 
slight differences in the chemical compositions of male 
adult odor of the two subspecies, which presumably 
results in the slight difference of the smells of the male 
adults of the two subspecies alcinous and loochooana. 
Since a part of the present study was carried out using 
wild-caught individuals, several components such as 
6-methyl-5-hepten-2-one and linalool showed relatively 
large inter-subspecific and intra-subspecific variations in 
these male odors. More detailed and systematic studies 
may be needed for the male adult odors of the two 
subspecies using laboratory-reared individuals fed with 
designated food plants. 
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Prag PPNOW LAN TRO SME OBT AF 
BODTPRELBAT ZR. BIRELESRBEA 
O CGC-MSI4T 247 2 Zo DHEO SOFKBROMELZE 
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